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Abstract 
The fast pace of urbanization puts stress on water resources. There are water shortages in many big cities. At the 
same time, the increase of impermeable surfaces makes floods more frequent. The conflict of water shortages and 
flood risk indicates that traditional stormwater management should be changed. Traditional stormwater management 
routes runoff directly to streams and rivers, exacerbating pollutant inputs and hydrologic disturbances that result in 
the degradation of ecosystem structure and function. The new stormwater management techniques integrate 
stormwater collection, treatment, storage and reuse. Integrated management could be implemented on the roads, 
parking lots, depressed grassland and building roofs. This will reduce the runoff volume released by floods 
downstream, thereby reducing pollution and improving aquatic function. However, the integrated approach is just 
starting in many Chinese cities and there are lots of things to do. 
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1.  Introduction 
High population density has put heavy pressure on the water resources in the semiarid region. Many cities cannot 
meet their water demands. But at the same time, the changes in the land cover that come with high urbanization 
result in increased flood risks [1, 2]. Urban planners are investigating how to balance water shortages and flood risks.  
Traditional stormwater management drains runoff into a pipe as quickly as possible to prevent ponding. The 
traditional approach does not typically attempt to minimize the generation of runoff or prevent or control stormwater 
pollution. Better water resources management of the urban water cycle is needed to meet the increasing water 
demand without further environmental deterioration [3]. Stormwater is usually of better quality than untreated 
sewage or industrial discharge [4]. Stormwater harvest and reuse has become one of the effective solutions for water 
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demands in many countries [5]. The Americans have proposed BMPs (Best Management Practices) to control urban 
floods. These BMPs are designed to reduce stormwater volume, peak flows, and/or nonpoint source 
pollution through evapotranspiration, filtration, detention, and filtration or biological and chemical actions [6]. Low 
impact urban design and development (LIUDD) is also a method used widely in Australia and Germany. LIUDD 
aims to avoid a wide range of the physiochemical, biodiversity, social and amenity adverse effects of conventional 
urban development, while protecting aquatic and terrestrial ecological integrity [7]. The focus on stormwater 
management in recent years has changed from the stormwater quantity to stormwater quality  in the 90s last century 
to an integrated stormwater management system now [8].         
The water shortage in Jinan City is severe. Over-exploitation of groundwater has led the groundwater level 
decline which resulting in the springs being drained for several years [9]. Implementation of many solutions made 
the springs reflow again. But to protect the groundwater and prevent springs draining again, exploitation of the 
groundwater is limited strictly. That aggravates the conflict for water resources. At the same time, urban floods often 
cause disaster to Jinan. In one such flood on 18 July, 2007, more than 30 people died and economic damages were 
estimated to be in the hundreds of millions of yuan [10]. Therefore, it is urgent to find solutions for water shortages 
and flood risk. This paper will give a framework for stormwater management, including stormwater collection, 
treatment, storage and use.  
2.Study area 
Jinan City is bordered by the Tai Mountain to the south and the Yellow River to the north, with greater 
topography in the south than in the north. Altitude within the area ranges from 23 m to 975 m above sea level, with a 
high contrast relief. Hilly areas, piedmont clinoplains and alluvial plains lie across the city from south to north. The 
city has experienced both dramatic population and spatial growth in the last 50 years: the population increased from 
3.19 million in 1952 to 6.03 million in 2008 and the developed area increased from 24.6 km2 in 1949 to more than 
200 km2 in 2008 [11]. The semi-humid continental monsoon climate is characterized by cold, dry winters and hot, 
wet summers. The average annual precipitation is 636 mm, with 75% occurring during the wet season. The unique 
topology with the uneven distribution of rainfall makes the city particularly vulnerable to flood. There were several 
huge flood disasters that caused serious losses during the city’s history.  
High-density development and rapid urban sprawl have changed the urban land cover. The impervious area 
increase led less rainwater recharge to groundwater. It is an important factor of the springs draining off. Rapid urban 
growth has increased water resources pressure. The water storage will be up to 30% in 2030 if the Jinan City 
maintains the exiting water resources management [12].    
3. Methods  
3.1. The potential for stormwater harvest  
Surface water resources come from precipitation. For many years, many reservoirs have been constructed to store 
rainfall for use. Some portion the rainfall infiltrates into groundwater via the permeable land area and some is 
trapped by plants. Therefore, the potential of stormwater is analyzed. It is calculated by the following formula: 
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where Q is the potential stormwater to be harvested; pi is the i-th stormwater;  A is the area;   is the runoff 
coefficient; is  is the increase of water storage in the reservoirs; n is the number of  stormwater events in one year. 
To perform this calculation, the area is divided into impervious area and permeable area; the runoff coefficient is 
also acquired for each, respectively.  
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3.2. The principals and objectives of stormwater management  
  The current proposal for stormwater management is an integrated approach. It involves both controlling floods 
and preventing pollution. It also combines landscape architecture to make a beautiful and livable city or community. 
The principals and objectives of stormwater management are as follows: 
 Slow runoff: increase the amount of time for stormwater to runoff into municipal storm drains, thereby reducing 
the peak volume that occurs within the drainage system, helping reduce the downstream floods. 
 Harvest stormwater and reduce runoff volume: through the management system, the amount of stormwater 
reaching city drains and pumps should be reduced and the stormwater should be stored for other uses.  
 Recharge the groundwater and maintain healthy springs: through rain gardens and vegetable swales, stormwater 
infiltrates into groundwater table and that can prevent subsidence and springs drying up.  
 Treat polluted runoff and prevent the deterioration of the water quality of streams: the quality of stormwater 
should be improved with biofiltration. 
 Reuse the stormwater instead of freshwater and reduce the pressure on water resources: the stored stormwater can 
be used for irrigation, flushing the toilet etc.  
3.2. The contents of stormwater management system  
Generally an integrated urban stormwater management system should conclude the four parts; runoff collection, 
collected water treatment, water storage and water distribution to end-users.   
The runoff collection often utilizes the flow direction of runoff. It can used on any flat area, such as rooftops, 
roads, parking lots or grasslands. 
Runoff storage usually uses the tank, retention basin or detention basin. Retention basins or detention basins 
normally require a large area. The size of the tank can be determined by the space available. Currently, in many 
cities, because of the high density land use the tank is usually constructed underground.   
The stormwater treatment is used when the water user demands water quality, such as for municipal use. If the 
stormwater is used for irrigation, it is usually not treated. 
The end-users can include domestic users, plants or farmland, groundwater or industrial users etc.  
These four parts of stormwater management systems do not always appear together. The integrated parts of 
stormwater management systems are decided  based on the topology, land cover and management goals for an area.  
4. Results 
4.1. The potential of stormwater collection   
According to the precipitation classification in China, this paper chooses the rainfall greater than 25mm in 2008 
to analyze. The rainfall data was acquired from Jinan Municipal Bureau of Hydrology. The results are shown in 
Table 1. In 2008, the total potential of stormwater harvest is 8818.6 104m3.   
Table 1 The potential of stormwater collection  
No. Date Quantity of rainfall(mm) Q(104m3) 
1 20-21 Apr. 27 325.8 
2 1-2 July 45 569.9 
3 6-9 July 57.5 1608.3 
4 18-19 July  48.5 1464.8 
5 1-3 Aug. 27 974.9 
6 13-15 Aug. 38 1165.3 
7 22 Aug. 27.6 981.6 
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8 10 Sep. 25 787.3 
9 19-20 Sep. 26.5 940.7 
Total    8818.6 
4.2. The patterns of stormwater management in Jinan City   
The patterns of stormwater management are set based on the situation of Jinan City. The framework for the 
stormwater management system is shown in Fig.1. 
 
 
 
  
 
 
 
 
 
 
 
 
 
Fig.1 The framework of the stormwater management system in Jinan City. A broken line with an arrowhead represents 
infiltration; a broken line of pane represents it provides a population absorbed function. 
4.2.1 Stormwater filtration and collection by rain gardens  
  There is more than 40*104m2 of green space in Jinan City. But most of it is at a higher altitude than the city. The 
depressed grassland is to be a rain garden to collect stormwater. Contamination can be trapped by plants as 
stormwater flows over the grassland.  The water can infiltrate into groundwater table, evaporate, or be absorbed by 
plants and trees. In extreme rain events, it should be designed to overflow into municipal drainage system. In 
addition, these landscape features will be more attractive habitats to birds and beneficial insects. 
4.2.2 Vegetated swale collection system  
Groundwater  
Rivers, lakes 
Riparian buffer  
Vegetated swales  
Precipitation 
Rain gardens  
Roads,  
Parking lots   
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A vegetated swale is linear intended to convey stormwater towards a drainage system. Vegetated swales should 
be installed in situations where runoff is intended to be intercepted or directed into a linear path. In Jinan City, 
vegetated swales should be constructed along the length of parking lots, sports fields and the streets. These can also 
be installed in concert with an filtration trench, or atop a subsurface storage device, both of which increase filtration 
and detention capacity of the system.   
4.2.3 Pervious pavement to recharge groundwater      
Typical concrete or asphalt roadways and driveways are impervious surfaces that shed storage as runoff. 
Permeable solutions including permeable concrete, that use of non-rigid pavers, and open-cell pavers help to reduce 
runoff by allowing stormwater to be absorbed into groundwater. New construction of parking lots and roads should 
use permeable pavements. 
4.2.4 Filtration –storage system  
The stormwater usually contains pollution and therefore cannot satisfy the standards of water reuse. Bio-filtration 
before storage is a better way to improve water quality. This feature contains two parts: the filtration part and the 
storage part. It is suitable to be built on a building roof. The building roof should be reconstructed as a green roof 
which provides a filtration function and also retains the water. Then the water that has filtered through the green roof 
will be stored in the tanks, cisterns or rain barrels. The tanks, cisterns or rain barrels usually are attached to the 
building gutter and downspouts and are usually built underground. This stored water can be reused for non-potable 
uses. 
4.2.5 Detention basin  
A detention basin is a dry pond that only has water in rain events. As mentioned above, the topology of Jinan 
City is not level. Therefore it is easy to decide on suitable sites for detention basins. In the dry season, detention 
basin can be used as parking lots or public squares for recreation. However, detention basins are not effective in 
improving water quality. Ideally, a detention basin is attached to water treatment system. 
4.2.6 Riparian buffer   
The river is the main drainage waterway. Many urban rivers have no riparian buffers, meaning that runoff cannot 
be treated before flowing into river. The pollution enters into the aquatic ecosystem directly, resulting in degradation 
of the aquatic ecosystem. Many researchers have shown that a vegetated riparian buffer is effective at decreasing the 
pollution entering into river [13, 14].   The riparian buffer also provides habitat for animals.    
5. Discussion 
5.1 The essential of integrated stormwater management implementation 
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Given the current and increasing stresses on water resources throughout the world, recycling and reuse of 
stormwater is an important strategy for improving management of urban water resources. Especially to Jinan City, 
the precipitation is uneven with 70% of rainfall in wet season. That makes it easy to collect stormwater. Through the 
calculation of potential of stormwater collection, there are nearly 90 million m3 stormwater that could be harvested 
and used  instead of freshwater. Of course, the quantity of stormwater collection and reuse depends on the specific 
facilities. Considering the coming water shortage in 2030, although the stormwater could not completely solve the 
water shortage, it could reduce the severity of the shortage.  
Jinan municipality has provided several solutions to protect groundwater and the springs, including limiting 
groundwater exploitation [8]. This will prevent the situation worsening, but it cannot restore the groundwater system. 
Stormwater management will help to restore the groundwater table. It will also improve the surface aquatic 
ecosystem.   
5.2 Stormwater management 
Although there are many countries that have been using stormwater management techniques for many years [15], 
Jinan municipality has only just started. Although the basic technology is similar, the specific approaches may take 
different paths depending on local guidelines, environment, stakeholders and champions [16]. There is many 
localization researches to do. Design standards for stormwater treatment for the purposes of reuse are needed [17].  
The municipality should promote legislation about stormwater management to strengthen the implementation of this 
approach [18]. The awareness and understanding of stormwater management approaches should be strengthened. 
Stormwater management should not only be duty of the municipality, but a part of everyday life.  
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